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Mathematics & Science.Mathematics.01

Text classification via network topology: A case
study on the Holy Quran
Esra Akbas & Mehmet Aktas
Abstract
Due to the growth in the number of texts and documents available online, machine
learning based text classification systems are getting more popular recently. Feature
extraction, converting unstructured text into a structured feature space, is one of the
essential tasks for text classification. In this project, we propose a novel feature
extraction approach for text classification using the network representation of text,
network topology, and machine learning techniques. We present experimental results
on classifying the Holy Quran chapters based on the place each chapter was revealed
to illustrate the effectiveness of the approach.

1

Mathematics & Science.Mathematics.02

Multiple Positive Solutions for a Sixth Order
Nonhomogeneous Boundary Value Problem
Stephanie Walker & Britney Hopkins
Abstract
This poster spotlights a process for determining the existence of at least three positive
solutions for a particular class of sixth order nonhomogeneous boundary value
problems on a discrete domain using Fixed Point Theory. The method takes
advantage of reducing the sixth order difference equation into a system of simpler
second order equations and then transforming this new system so that it is subject to
homogeneous boundary conditions. We then create a specific operator and cone that
meet the criteria of the Guo-Krasnosel’skii Fixed Point Theorem. This allows us to
apply the theorem multiple times, guaranteeing a minimum of at least three distinct
solutions. As a result, we conclude that although solutions to this type of boundary
value problem exist, they are not unique.

1

Mathematics & Science.Mathematics.03

Diffusion Frechet Function and its Application
in Classifying ECG
Dr. Emily Hendryx, Mehmet Aktas, & Uyen-Minh Le
Abstract
The Diffusion Frechet Function (DFF) has demonstrated stability in capturing
network features. Nodes with lower DFF values play essential roles in the whole
network. In this poster, we implement this core idea into a process of classifying
electrocardiogram (ECG) data. Each person’s ECG is transformed into a network in
which the DFF method is applied to capture the network’s attributes. The random
forest algorithm is then used as a classification tool to classify healthy and sick
people’s ECGs. This poster presents the results of this novel DFF application to ECG
network classification.

1

Mathematics & Science.Mathematics.04

Mathematical Model of Moose Vehicle
Collisions in Anchorage
Alexandra Milliken
Abstract
Moose-vehicle collisions (MVCs) are a dangerous part of life in Anchorage, Alaska.
Almost one quarter of all MVCs result in injury to a vehicle occupant, and
approximately 120 moose are killed in Anchorage each year by MVCs. With the
human population in Anchorage growing, the number of registered vehicles will also
grow. We create a mathematical model of the effect of snow depth on moose
population and MVCs in order to help Anchorage officials predict when the risk of
MVCs will be high. We assume that moose can decrease in population by MVCs,
snow depth (starvation), natural death, hunting, and migration out of the Anchorage
area. Birth rate and migration into the area are the only way the moose population
can increase. We develop a differential equations model based on these assumptions
and use a combination of analytical and numerical techniques to solve the model. We
analyze results from the model to suggest ways to reduce MVCs in Anchorage.

1

Mathematics & Science.Mathematics.05

Modeling Measles Vaccination and Outbreak
Amber Young
Abstract
Measles is a highly contagious infectious disease with symptoms such as cough,
fever, and a characteristic rash, with the possibility of more severe complications
such as pneumonia, brain damage, deafness, and even death. Although measles was
declared eliminated from the United States in 2000, there are over 1,000 cases this
year alone. This research aims to use mathematics to better understand the
transmission of measles. Differential equations are used to model the transmission of
measles in a population. Model variables include susceptible, vaccinated, infectious,
and recovered individuals. The model is solved numerically, producing plots of the
variables as functions of time. Steady state and bifurcation analysis are used to
provide more insight into the effect two model parameters (the rate of vaccination
and the rate of infection) have on the number of individuals with measles. This set of
differential equations can be used to determine the fraction of the population that
needs to be vaccinated to achieve herd immunity and prevent the spread of measles
in a population. The cost of a measles outbreak is also modeled, and results are
presented for both open and closed populations.

1

Mathematics & Science.Mathematics.06

Developments in the semi-local convergence of
Newton’s method
Yauheniya Shviadok
Abstract
Newton’s method is a very effective tool for generating a sequence approximating a
locally unique solution of a nonlinear equation involving Banach space valued
operators under some conditions on the initial data. We present the developments of
the semi-local convergence of Newton’s method starting from the famous for its
simplicity and clarity Kantorovich criterion for solving nonlinear equations. It turns
out that this criterion can be weakened leading to a wider convergence region, tighter
error bounds on the distances involved and a more precise location of the solution.
These advantages are obtained under the same Lipschitz conditions as before. Hence,
the applicability of Newton’s method is extended in cases not covered before.

1

Mathematics & Science.Mathematics.07

Investigating Mathematical Aspects of
Gerrymandering: Compactness vs. Regularity
Liz Lane-Harvard, Ph.D., Lawrence Dongilli IV, & Thomas
Milligan, Ph.D.
Abstract
Legal precedent concerning the identification of gerrymandering has drawn
considerable attention to the use of geometric compactness as a measure of district
quality. However, we contend that geometric regularity may be a better metric for
this purpose than compactness. In this study, we first examine some prominent
compactness measures in the context of political districting and highlight some of
their strengths and weaknesses. We next consider geometric regularity and some
reasons why it may serve as a better metric than compactness for the purposes of
political districting. Finally, we explore several methods which can be used to
quantify regularity in arbitrary polygons.

1

Mathematics & Science.Mathematics.08

Autoencoder-Based Anomaly Detection as a
Tool for Initial ECG Screenings
Dr. Emily Hendryx & Thomas Dunn
Abstract
Electrocardiogram (ECG) data can provide a wealth of information about the health
of a patient which a physician can use to develop a treatment. However, for the
diagnosis to be correct the ECG must be read and interpreted accurately in real time.
This presents a problem as even experienced clinicians struggle to distinguish normal
from anomalous EGCs in cases when the differences are subtle or distributed over
long periods of time. We present an autoencoder model to be used as an initial
screening tool for ECG beats. An autoencoder (AE) is a machine learning model
which learns to compress input data into a low dimensional vector representation and
then reconstruct an approximation. The goal for such a model is to learn to reconstruct
the input data as well as possible, which requires learning an effective representation
for the data. An AE that is trained to reconstruct one class of data (normal ECG beats)
will have a high error when trying to reconstruct data from another class (anomalous
beats). Our model uses reconstruction error to discriminate between normal and
anomalous beats which can then be assessed by a clinician or passed to another
machine learning model for classification. We investigate whether AE-based
anomaly detection methods are more effective than other methods for anomaly
detection in ECG data. We compare the performance of our model on the MIT-BIH
Arrhythmia Database against traditional classification methods.

1

Mathematics & Science.Mathematics.09

Applications of Linear Algebra in Games of
Strategy
Ethan Bruegel, Chase Minden, & Gabriella Oliver
Abstract
Linear Algebra is utilized in various disciplines, both theoretically and practically.
However, Linear Algebra concepts can also be employed for recreational purposes.
This poster will highlight the connections between Linear Algebra and Game Theory
by examining specific everyday games, while providing appropriate background
information.

1

Mathematics & Science.Mathematics.10

Data Subset Identification Using CUR Index
Selection Schemes
Dr. Emily Hendryx
Abstract
The DEIM-CUR matrix factorization has been demonstrated to be a viable subset
selection tool in the electrocardiogram. The CUR factorization, however, can be
formed in a variety of ways. We present a comparison of some of these CUR methods
with some commonly used clustering algorithms, evaluating each method's
performance on three different types of data. In doing so, we demonstrate the utility
of CUR index selection schemes in data subset selection.

1

Mathematics & Science.Mathematics.11

Determining the Probability of Losing after a
Player’s Turn in the board game “Forbidden
Island”
Chase Compton & Ryan Webb
Abstract
In Forbidden Island, players need to work together to collect 4 treasures and escape
the island before it sinks. The game consists of 24 tiles, 9 of which are needed to win
the game. One tile, named Fool’s landing, is required to escape the island while 8
treasure tiles are needed to collect the 4 treasures. As the game progress, tiles begin
to flood or sink in response to cards drawn from the Flood Deck.
The research conducted looked at several factors in the game that increases the
probability of losing at the end of any turn. The factors included the number of
flooded tiles and losing cards in the Flood Deck. Mathematical modeling was used to
understand how conditions worked together, and formulas were developed to
determine the probability of losing at the end of the current turn. These formulas were
adopted into a program which players can use to decide what actions must be taken
to help minimize their chances of losing. Thorough testing in real-world conditions
showed significant gains in win rates when using this guidance.

1

Mathematics & Science.Mathematics.12

Class Research LegalShield Advertising
Practices
Geneva Mendoza, Richard Hall, Sam Pratt, & Nichole Beyer
Abstract
Working with LegalShield in a class-based project, we will examine the bounce-back
rate on their web advertisements to determine which ads lead to more engagement
and further sales. To do this we will look at the correlation between spends and sales
across different products LegalShield offers. We will look at how LegalShield
advertises state by state. The hope of this project is to help the company specify where
they should direct their advertisements more efficiently in order to maximize sales.

1

Mathematics & Science.Mathematics.13

Designing Mountain Pine Beetle Intervention
Using Mathematical Modeling
Sean Laverty & Devon Smith
Abstract
The purpose of this research is to build and analyze mathematical models that will
track the spread of the Mountain Pine Beetle (Dendroctonus ponderosae) and create
theoretical studies of control or intervention. D. ponderosae is a species of bark beetle
commonly found in the western forests of North America and are one of the few types
of bark beetle known to kill their host tree. D. ponderosae’s population has been on
the rise, and if left unchecked, could bring about untold destruction of the forests in
which these trees inhabit. Our model is a system of differential equations which we
analyze numerically to determine conditions favorable or unfavorable to beetle
outbreaks and to propose potentially effective control measures.

1

Mathematics & Science.Mathematics.14

Examining Oil Field Contractor With Cantrell
Jackson
Fernando Salazar-Salas
Abstract
Working alongside Cantrell Jackson, a software developer for oil field services, we
show that profits can be linked to customer interactions, individual customer jobs and
the efficiency of the customer via the use of trucks. The most profitable customer
interactions can be correlated to the demand of said customer. The conditions can be
evaluated by response and resolve time to each client by source and type of
interaction initiated and can be affected by the difficulty level of the issue being
resolved. Invoice totals are linked to job type and job type frequency. We can
evaluate the use of trucks per customer, the type of truck most commonly used, and
the efficiency or inactivity of trucks per customer to determine the most profitable
customer.

1

Mathematics & Science.Mathematics.15

The Development of an Algebra Inventory for
Calculus Success
Liz Lane-Harvard, Ph.D.
Abstract
Calculus 1 DFW rates are notoriously high, deterring students from majoring in
STEM. In a report orchestrated by the MAA, they concluded that there is either
something wrong with Calculus 1 admittance requirements or with instruction. This
project considers the former. The purpose of this multi-year project is to develop an
open-source inventory, like the Force Concept Inventory, of concepts necessary for
students to succeed in a university Calculus 1 course. This project utilizes an
exploratory, mixed methods instrument design study approach incorporating both
quantitative and qualitative data. This poster will explore the development of the
current inventory.
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Mathematics & Science.Mathematics.16

MODULAR MAGIC SQUARES AND
PENTAGONS
Effouehi Messou & Ronnie Williams
Abstract
Long before Sudoku people were interested in a different type of number puzzle
called a “magic square” which is a square grid filled with distinct positive integers
such that each cell contains a different integer and all of the rows, columns, and
diagonals must add to the same value. As early as 190BC, mathematicians have been
fascinated by these magic squares and have discovered some amazing results
concerning them as well as generalizations and modifications of them. In this poster
we will describe one such generalization known as the “modular magic square” in
which the rows, columns and diagonals must no longer add to the same value, but
rather the remainder we obtain when we divide those rows, columns and diagonals
sums by some fixed values must be equal. In addition, we will share a few of the
results we have proven concerning modular magic rectangles; namely, we will
describe conditions for which a modular magic rectangle can have rows and columns
which all sum to even, or all sum to odd, values. We will also describe “modular
magic pentagons” in which the sum of each side of the pentagon is congruent modulo
an integer, then show results concerning the sides of a pentagon being even or odd.

1

Mathematics & Science.Mathematics.17

infinite square well
Jacob Mantooth
Abstract
In this paper, we will be trying to solve the problem of the dimension infinite square
well in quantum mechanics with boundary condition to find a particle. We first have
a partial that is free to travel wherever it wants and that can be anywhere at any time.
We then limit this particle to still be able freely travel but is confined to be between
the positions 0 and L. this particle is trapped inside the well by walls of infinite
potential energy that repels it if the particle touches it. Will we be showing at the end
that there a particle in an infinite square well has a wave function that are the
probability of finding the particle.
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Mathematics & Science.Mathematics.18

Investigating the Modular Pascal's Triangle
Ronnie Williams & Zachary King
Abstract
A peculiar property of Pascal's Triangle is that when the entries are reduced modulo
a prime number, they exhibit fractal structure. Previous research sought to describe
this fractal structure utilizing a variety of techniques including group theory,
computational techniques with generator rules, and number theoretic techniques.
Building off of this research, we hope to demonstrate, with this poster, new research
being done to understand and describe the interesting and complex behavior of
Pascal's Triangle under modular arithmetic.
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Mathematics & Science.Mathematics.19

Polynomial multiplication using Karatsuba and
Toom-Cook algorithms and their applications
Goodness Agboola
Abstract
In this presentation, we will discuss multiplication algorithms that can be applied to
solve problems in applied fields such as Cryptography. The Schoolbook method to
multiply two n terms polynomials takes (n^2) steps, which is quadratic in terms of
input size. We will talk about faster methods like Karatsuba's algorithm that takes
about n^(1.585) steps and Toom-3 algorithm with approximately n^(1.465) steps and
their applications.
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Mathematics & Science.Mathematics.20

Exploring modeling by programming: insights
from numerical experimentation
Sean Laverty
Abstract
We present an overview of three undergraduate mathematics research projects and
an approach that encourages computer programming and numerical experimentation
as key elements of the research project. We give advice for students looking to begin
a project in mathematical biology or for faculty looking to branch out to a new
research area. This poster summarizes content of an invited chapter in an upcoming
book on undergraduate mathematical biology research.
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Mathematics & Science.Mathematics.21

Mathematical modeling ATP activity
Benjamin Jones & Sean Laverty
Abstract
Adenosine triphosphate (ATP) is a crucial molecule in many cellular pathways and
processes. The role of ATP as a source or as a carrier of phosphate involved in the
phosphorylation of other molecules is well known. However, few studies discuss the
pathway of hydrolysis from adenosine to ATP and the reverse pathway of
dehydration from a dynamic perspective. In this project we develop and study a
system of differential equations describing the kinetic interactions that drive changes
in concentrations of ATP, ADP, AMP, and adenosine over time. In an attempt to gain
knowledge about physiological drivers of the pathway, we use numerical experiments
to study the production of ATP, ADP, AMP, and adenosine in response to changes
in initial concentrations and in various binding and unbinding parameters. We believe
that results of our numerical testing could yield biological insight when it comes to
investigating these molecules and their physiological roles.
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